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1. Title of Invention 

MULT I -ANCHOR STENT 

2. Claims 

I. An intravascular mult i -anchor stent ior 
iniplanting in a body lumen, comprising: 

a plurality cf c/lindrical elements which are 
substantially independently expandable in the radial 
direction and which are interconnected so as to be 
generally aligned on a comn.on longitudinal axis; and 

a plurality of said cylindrical elements has at 
least one barb that faces partially radially outwardly 
when the multi-anchor stent is in an expanded 
configuration for attaching the stent to the body lumen. 



2. The intravascular mult i- anchor stent d£ 
Claim 1, wherein each of the cylindrical elements has a 
plurality of barbs that facs radially outwardly when tie 
multi-anchor stent is in an expanded configuration f :r 
attaching the stent to the body lumen. 

3. The intravascular multi-anchor stent >f 
Claim wherein each of l.he barbs faces in alignment 
with the common longitudinal axis when the tnulti-anch- sr 
stent is in an ur. expanded c jnf iguration . 

4. The intravascular multi-anchor stent of 
Claim 1, wherein each sail cylindrical element has a 
plurality. of barbs. 

5. .. the intravascular multi-anther stent of 
claim 5 , wherein each of. said plurality of cylindrical 
elements has a serpentine shape with a plurality of peaks 
and valleys , and each of said, peaks and . valleys has a 



1 
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plurality of barbs, with each of said barbs of each said 
cylindrical element being adapted to face substantia lly 
in the same direction when said stent ia in said expanded 
configuration, to provide a di3*ectional gripping action. 



6. The intravascular multi-anchor stent of 
Claim 5, wherein said barbs of at least one said 
cylindrical element at one longitudinal end of said st *nt 
face in a first direction, and ;said barbs of at least :>ne 
cylindrical element at an opposing longitudinal end of 
said stent face in an opposing direction when said st»;nt 
is in said expanded configuration. 



7. The intravascular multi-anchor stent of 
Claim 7 , wherein said barbs at said one longitudinal <:nd 
and at said opposing longitudinal end are pointed toward 
a longitudinal middle portion of said stent when id 
stent is in said expanded configuration. 



8. An intravascular multi-anchor stent for 
implanting in a body lumen, comprising: 

a plurality of cylindrical elements which are 
substantially independently expandable in the radial 
direction and which are interconnected so as to be 
generally aligned on a common longitudinal axis; and 

a plurality of raised, pointed direction bumps 
formed on a surface portion of plurality of cylindrical 
elements . 



3 . The intravascular . mult i ^anchor stent of - 
Claim 9, wherein each of said plurality of cylindrical 
elements has a serpentine ehape With a. plurality of peELCs 
and valleys, and each of said ' p6aks ;and valleys;haa a 
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plurality of barbs, with each of said barbs of each ;jaid 
cylindrical element being adapted to face substantially 
in the same direction when said stent is in said expanded 
configuration, to provide a directional gripping action. 
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3. Detailed Description of Invention 

BACKGRO UND OF TfE INVENTION 
Field of the Tnve.nMrm 

This invention relates generally to 
endoprostheses and, more particularly, concerns 
intraluminal grafts and stents for placement in an area 
of a body lumsn that has becm weakened by damage or 
disease, such as by an aneurysn of the abdominal aorta . 

Descri ption of Reiat€d Art- 

An ahdominal aortic aneurysm ("AAA") is m 
abnornal dilation of the arterial wall of the aorta Ln 
the region of the aorta that pacaes through the abdomin.il 
cavity. The condition most commonly results from 
atherosclerotic disease. Frequently, abdominal aort:.c 
aneurysms are digsecting aneurisms that are formed wh<m 
there is a tear or fissure in the arterial lining or waM 
through which blood is forced and where it eventually 
clots, forming a thrombosis that swells and weakens tie 
vessel . Abdominal aortic aneurysms do not cause pair r 
but are easily detected ir a thorough physical 
examination. if the aneurysm is not detected ard 
treated, it is likely to rutture and cause massive 
hemorrhaging fatal to the patient. 

Treatment of AAAs typically takes the form cf 
arterial reconstructive surgery. One such method is 
bypass surgery in which an incision is made into tha 
abdominal cavity, the aorta is c Losed off above and belo* 
the site of the aneurysm, the. aneurysm . is resected, and 
a synthetic graft or tube sized to approximate th 2 
diameter of the normal aorta is sutured to the vessel t.^ . 
substitute for the area affected by the aneurysm and to 
allow blood flow through th^ 

The graft commonly is fabricated of a biocompatible 
material that is compliant ! an d '"'thih- wailed. "anions ■ an«I. ■■' 
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synthetic fibers such as nho3e manufactured by the B.I 
duPont deNemours Company under the trademarks DACRCN or 
tefIjON have been found to be suitable for the 
construction of the graft. studies have shown that the 
mortality rate associated with this surgical procedm e is 
favorable (less than 5%) when it is performed prior to 
rupture of an aneurysm. However, patients having an AAA 
are typically over €5 year of age, and often have other 
chronic illnesses which increase the risk of peri- 
operative or post -operative complications, Tiose 
patients thus are not ideal candidates for this typ 2 of 
major surgery. Further, it has been pointed out :hat 
this procedure is not often successfully resortec to 
after an aneurysm has ruptured (the mortality ::ate 
increases to over 65%), becau 3e of the extensiveness of 
the surgery and the time required to prepare a pat:.ent 
for it . 

Another procedure developed as an alternative 
to conventional surgical metheds involves placement of a. 
graft at the site of the aneurysm. The graft is deployed 
there by being routed through the vascular system carried 
by a catheter, wire or other device suitable for 
negotiating the vasculature. The graft and its 

deployment system often are Introduced into the b: ood 
stream percutaneously with a femoral approach, and the 
entire procedure can be performed using local, rather 
than general, anesthesia, Dnce the graft has leen 
positioned at the aneurysm, it is disengaged from the 
delivery system and can be aj: fixed to the aortic *all 
both distally and proximally of rhe aneurysm. For this 
purpose, grafting systems usuaLly include fixation means 
such as staples or hooks ^ and 
driven into the int ima of ^ mechanical 
feature of the system ory^dteriitively,; by some physical 
process , such as expansion ' of : the graft thrcugh 
application, of a pressure : or ^ temperature change . To 
avoid premature detachment of the . graft and to prevent 
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the attachment elements from damaging the vessels or 
halting the forward movement of the system while the 
graft is being routed to the treatment site, the systsms 
often are provided with a feature such as a capsule or a 
sheath chad protects and contains the graft until s jch 
time as deployment is desired. 

Once the graft: is in place, it is positioned in 
the vessel spanning the site nf the aneurysm such tiat 
the walls of the graft are generally parallel to :he 
walls of the affected area of the aorta. The aneurysm 
thus is excluded from the circulatory system by i.hc 
graft, rather than being resect.ed altogether. 

Grafting systems are known that include what 
commonly is referred to as en attachment system i or 
deploying the graf z . The attachment system typically is 
a tubular device which is fitted inside and is generally 
coaxial with the graft, and can extend beyond either or 
both of the proximal and distal ends of the graft. The 
attachment system often has a lattice-like or open weave 
structure, which provides it wizh flexibility and whi-h 
promotes rapid endothelial tissue growth through tne 
structure once the graft has b«»en deployed. It may :>e 
provided with additional hsok-like elements f 3 r 
penetration of the intimal wall.s for attachment of tie 
graft to the aorta, or those hook-like elements may .>e 
provided on the graft itself. Graft systems of the ty ? e 
described can be found in U.S. Patent Nos , 4,757,89.*; 
4,104,399; 5,219,355; and 5,275,622. 

The actual function of delivering the graft nu.y 
be accomplished by inflating a balloon of a catheter hy 
introducing pressurized fluid into a lumen of tie 
catheter from a source external... to .the patient ....... 

Inflation of the balloon applies a force to the graft , 
and any attachment system supplied therein, which extents 
radially and presses the graft .; aid; at tachment system into 
the vessel wall just above' W //\." /; 

When an attachment system is used, disengagement of t*.e. - ' 
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catheter from the graft alsc has been accomplished by 
taking advantage of the chemical properties of the 
material from which the attachment system is 
manufactured. For example, a prior art attachment system 
may be in the form of a coil cf a nickel -titanium al .oy, 
available from the Minnesota Munuf acturing and Mining Co. 
under the mark "NITINOL", that will expand radially upon 
being heated to a higher temperature. The longitudinal 
dimension of any attachment system used must account for 
any reduction in length that might result from radial 
expansion of the device. Other devices used to attach a 
graft to the aortic wall for AAA repair include 
intravascular stents of the type found in U.S. Patent No. 
4,733, 665. 

In order for a stent to be used r.ost 
advantageously with a graft. deployment system for 
treatment and repair of aneurysms, it is desirable for 
the stent to be composed of a biocompatible material and 
simultaneously to be flexible enough to comply with the 
catheter or other element used to route the graft thrcugh 
the often tortuous vascular path to the site of the 
aneurysm, and stirong enough radially to maintain patency 
of the opening in the graft once delivered. The stent 
should be well suited to deployment by a delivery system 
that is not overly complex, and that is reliable and easy 
to cperate. Further, it is desirable that the stent be 
expandable, so that upon application of a force or 
physical change from within sufficient to cause its 
radial expansion, it encourages affixation of itself and 
the graft to the aortic walls Although various graft 
delivery systems have been proposed, none adequately 
provides all of the desirable features. . 

Proper anchoring of a stent for treatment of 
endovascular abdominal aortic aneurysm {AAA) is essent ial 
for securing a gxaft. Heretofore c exact placement OX ail 
anchoring stent with anchors located solely at one part 
of the stent was critical for properly securing the st;*rit 
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for repairing rhe abdominal aortic aneurysm. In 
addition, it is possible for the area of the aorta whcore 
anchoring barbs of such a sterJ: were deployed to be i.ot 
healthy enough to properly secure the entire device. It 
also is desirable for a raul'-i -anchor stent to have 
anchors or barbs that present as small as possible of an 
increase in the insertion diameter of the unexpanced 
stent to provide a low profile during placement in the 
abdominal aortic aneurysm. 

What has been needed and has been heretofore 
unavailable is a stent for use in combination winh a 
graft which has a high degree of flexibility for 
efficient advancement through tortuous passageways, which 
can be radially expanded fiom a relatively small 
insertion diameter (low profile) to a relatively lar^e 
diameter without substantial longitudinal contraction, 
and which exhibits mechanical strength sufficient :o 
adhere to the vessel walls and to maintain the patency Df 
a synthetic graft implanted at the site of an aneurysn. 
The present invention meets thene needs. 

SUMMARY OF THE INVENTION 



Brief ly, and in general terms , the present 
invention provides for a multiple-anchor stent for u:*e 
with catheter-graft delivery systems for repairing 
diseased or injured vessels, and most notably for 
treating aneurysms, especially aneurysms of the abdominal 
aorta. The multiple-anchor sten: provides a plurality of 
barbs throughout the entire circumference of the scent 
that face partially outwardly when the stent is in an 
expanded condition/ . so that !. eacact placement . of the 
anchors is less critical, and ma king it more likely that 
the stent will be anchored in . healthy tissue f allowing 
the stent to be properly anchored in the abdbniinal aortic 
aneurysm. The large number of" barbs oh the mu It ipl € » - 
anchor stent also allows the ibarb^ to be made smaller, 
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reducing the insertion diameter of the stent, while sv.ill 
providing effective anchoring. The multiple -anchor sJ.ent 
of the invention is expandable, so that a low profile can 
be maintained while the graft:- and-stent combinarior. is 
being routed to the aneurysm, and then expanded at the 
time of deployment to a diameter roughly approximat ing 
the diameter of a healthy abdominal aorta and the final 
diameter of the tubular -shaped graft. The multi^le- 
anchor stent of the present invention has a configuration 
that allows the stent to expand radially to a much laiger 
diameter than was heretofore possible, and is provided 
with hocJts or barbs along the entire circumference of the 
stent to penetrate the aortic wall at least above the 
aneurysm to help ensure that the graft is anchored, in 
healthy tissue. The multiple -anchor stent ic eomewiat 
flexible along its longitudinal axis to facilitate 
delivery to the treatment si::e through tortuous blsod 
vessels, but in the expanded condition the multipLe- 
anchor stent is sufficiently suable radially to maintain 
the patency of the graft and aorta and to attach :he 
combined structure to the aortic walls. 

As used herein, the term "proximal" refers to 
a location near a point of reference outside the patie:it, 
such as an origin or a point of attachment of a catheter, 
and the term "distal" refers to a location away from :he 
point of reference outside the patient, such as near i:he 
portion of the catheter, stent or graft farthest away 
from the point of reference outside" the patient. 

The invention accordingly provides for an 
intravascular multi- anchor steut for implanting in a body 
lumen. The multi -anchor stent includes a plurality of 
cylindrical elements that are substantially independently ' 
expandable in the radial direction and . that . s.re . 
interconnected so as to be generally aligned on a common 
longitudinal axis, and ■VaV-.p'iu'r'^ity^-of the..- cyliridric:al 
elements has at least one barb that faces partially 
outwardly when the multi -anchor stent is in an expanded" 
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configuration for attaching the stent to the body lumen. 
In a currently preferred eiibodiment , each of the 
cylindrical elements has a plurality of barbs that face 
partially outwardly when the multi-anchor stent is in an 
expanded configuration for attaching the stent to tie 
body lumen. In another preferred aspect of tie 
invention, each of the barbs fares in alignment with t.ie 
common longitudinal axis when the multi-anchor stent Ls 
in an unexpended configuration. A plurality of 

connecting elements are provided for interconnecting or...y 
the cylindrical elements that a::e adjacent to each oth<:r 
so that the stent , when expanded in the radial direction, 
retains its overall length without appreciable 
shortening. in a preferred aspect of the invention, the 
plurality of connecting elements between adjacei.t 
cylindrical elements are in ajxial alignment. In ore 
currently preferred embodiment, the cylindrical elements 
can be formed from a single piece of tubing, and in 
another currently preferred embodiment; the cylindrical 
elements are formed from a flat sheet of material that 
c*n be rolled into a cylindrical configuration from the 
flat sheet of material. In another preferred aspect cf 
the invention, when made from a flat sheet of material, 
the flat sheet of material can have a first longitudinal 
support bar and a second longitudinal support bar whici 
mate when the stent is rolled into the cylindrical 
configuration, and the flat shee ; of material can have a 
first longitudinal edge with a plurality of first la; 3 
joints and a second longitudinal edge with a plurality o:: 
second lap joints, the first lap joints and the second 
lap joints engaging in a matinc relationship when this 
stent is rolled into the cylindrical configuration . In 
s currently preferred eml^diraent/ ^ 
is formed of a biocompatible mat^ 

group consisting of stainless >t eel , tantalum, and 
thermoplastic polymers. .. 
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In one preferred em:>odinient , a multiple - ar. chor 
stent is attached to the dismal end of a tubular craft 
such that at least a portion cf the multiple -anchor stent 
is exposed distally beyond the distal end of the graft. 
The graft-and-stent are deployed intraluminally such that 
the multiple -anchor stent and the distal end of the graft 
are positioned distally of the aneurysm while the 
proximal end of the graft extends proximally of the 
aneurysm. The multiple- anchor stent is provided wi :h a 
plurality of barbs along the length of the stent :hat 
face outwardly when the s:ent is in an expanded 
configuration for penetrating healthy tissue in the 
aortic wall in order to attach the graf t-and-st:ent 
combination to the aortic wal] . 

Thus, in one embodiment, a pair of multiple- 
anchor stents can be attached to a tubular graft, one 
stent at the proximal end and one stent at the distal end 
of the graft. The stents can be oriented so that when 
both the graft and the stents are expanded to laiger 
diameter states, the stents *ill be coaxial with the 
graft. The cylindrical elements of the stent are 
provided with anchors for penetrating healthy tissue in 
the walls of the aorta above end below the aneurysm, as 
well as along at least a portion of the length of the 
graft, to aid in attaching the combined structure to the 
aortic wall. The anchors can be barbs, and can be cf 
various shapes, containing one. or more angles, so t^at 
the anchors effectively will anchor the graf t- and- st ?nt 
combination to the aortic wall . 

The graf t- and- stent combination readily can be 
delivered to the aneurysm by mounting it on a balloon 
portion of a delivery catheter , -and passing the cachet sr- 
graft-stent assembly through ; the vasculature to :he 
implantation site. A variety : of means can be used ;or 
securing the graf t- and- stent, combination to the cat he :er 
during delivery. Presently, it. is preferred to compress . 
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the stent onto the balloon and retain the stent on the 
graft on the balloon using a protective sheath. 

These and other aspects and advantages of the 
invention will become apparent from the following 
detailed description, and tie accompanying drawings, 
which illustrate by way of example the features of the 
invention. 

DSTATT.pn DgscaigTiON_QF Tr T r r-r;r-rrrii imLLU i ULU 

Exact placement of an anchoring stent with 
anchors located solely at one part of the scent W s 
heretofore critical in properly securing the stent f c r 
repairing an abdominal aortic aneurysm. rt also j s 
possible that the area of the aorta where anchoring barfs 
conventionally would be deployed would not be healthy 
enough to properly secure the entire device. 

With reference to th 2 drawings provided for 
illustrative purposes, the invention accordingly provides 
for an intravascular multiple-aj ichor stent for use wit i 
catheter-graft delivery systems ror repairing diseased o - 
injured vessels, and most notably for treating aneurysms 
especially aneurysms of the cbdominal aorta. Wit :, 
reference to Figs. 1-7, in a currently preferred 
intravascular multiple-anchor stent 10 the inventio 2 
which generally comprises a plurality of cylindrical 
rings 12 that are spaced closely snough together to allov 
the stent to provide a reliable means of attaching z 
graft at the treatment site, tut are not so tightly 
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spaced as to inhibit the flexibility of the combination. 
The cylindrical rings ar<i connected together by 
connecting members 14. Each cylindrical ring typically 
has a serpentine configuration or wave pattern, having a 
series of alternating peaks 16 and valleys 18. The 
degrees of curvature indicated by arrows B along adjacent 
peaks and valleys are different. Attachment elements or 
anchors 20, shown in Fig. 1 in the form of barbs, can be 
provided on the ends of a plurality of the outwardly 
facing arches of valleys 18 in the rings that ro:ate 
outwardly when the stent is expanded, to engage with the 
aortic wall when the stent is deployed, so that eaci of 
a plurality of cylindrical elements has at least one oarb 
that faces partially outwarc.ly when the multi-an :hor 
stent is in an expanded conf i ^juration fox attaching the 
stent to the body lumen. Jn a currently preferred 
embodiment, as is illustrated in Fig. l, each of the 
cylindrical elements has a plurality of barbs that ::ace 
partially outwardly when the nulti-anchor stent is i:i an 
expanded configuration for attaching the stent to the 
body lumen. As is shown in Fig. 1, the conf iguration of 
the barbs is preferably such that a barb is placed on 
each outwardly facing arch Of the valleys 18, so thai, in 
a currently preferred embodiment, the stent currently has 
eight valleys per ring, providing eight anchors per r:ng. 

The expansion properties of stainless steel 
make it a preferred material for the stent 10. As is 
described more fully below, the stent, including the 
barbs 20, can be formed from a flat sheet of material by 
chemically etching, laser cutting, or electrcnic 
discharge machining (EDM), ai:d the like. It also is 
contemplated that the barbs c an be f ormed independently 
of the stent and subsequently attached to it by welding, 
brazing or another process with the equivalent effect. 
The body of the stent has a width W and a length L , such 
that the length will be parallel with the longitudinal 
axis a of the stent when the body of . the stent is rolled 
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into a cylinder. To secure the stent in a configuration 
as a cylinder, the lengthwise edges 2 8 and 3 0 of :he 
stent body shown in Fig. l -an be connected witr a 
suitable means such as by welding, brazing, soldering or 
with adhesives. A yttrium aluminum garnet (YAG) laser is 
particularly suitable for welding lengthwise edges 28 30 
Together to form the body of the stent in a cylindrical 
configuration illustrated in Fig. 2. 

In a presently preferred embodiment , it is 
contemplated that a stent with the dimensional 
characteristics described below would be suitable for rse 
with a graft in AAA procedures, and with a variety of 
vascular anatomies. It is clear, however, that a stent 
with other dimensions equally might be useful in a gr« f t 
delivery procedure. Preferably, stent 10 is formed f 2 om 
a fiat sheet of stainless steel. For a flat sheet, pr j or 
to being rolled into a cylindrical shape, width W of the 
stent can be approximately 16 millimeters (0.63 inches), 
while length L of the stent can be in the range of abcut 
5.1 to 50.8 millimeters (0.2 inches to about 2.0 inches) . 
It is desirable for connecting members 14 to have a 
transverse cross* section similar to the transverse 
dimensions of the serpentine or undulating components of 
the expandable rings or bands. The maximum width at the 
base of each anchor or barb :ypically is about 0.30 
millimeters (0.012 inches), and the length of the shaft 
of each anchor or barb typically is about 0 . 51 
millimeters (0.020 inches) . As stated, these dimensions 
are preferred, but the selection of the most appropriate 
dimensions in a particular clinical situation may vary 
considerably from patient to patient. 

After the stent 10 has been roll ed and j oin *d 
in a cylindrical cc^figiuran ion: from a: f lat sheet, tie. 
stent can be uniformly expanded in . a . radial directioa, 
both to a significant degree and:- w^ 

in the level of diametric expansi bh of each cylindric al 
r^ng. The cylindrical rings 12 are transverse to tie 
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longitudinal axis A of the finished stent, and ;he 
varying degrees of curvature B between peaks 16 md 
valleys 18 tend to equalize ths stresses experienced by 
the stent during expansion, so t;hat the peaks and valleys 
of each band deform radially with substantial uniform. ty 
upon application of an expansion force. The uniijue 
structure of the stent permits hhe stent to increase f::om 
an initial, small * diameter to any number of larger 
diameters. The interconnections 14 between adjacent 
cylindrical rings are aligned with other interconnections 
between the other cylindrical, rings, such that the 
interconnections traverse the distance between the pec.k3 
16 of consecutive cylindrical rings. Each of the barbs 
also preferably faces in alignment with the comr.on 
longitudinal axis when the multi-anchor stent is in an 
unexpanded configuration. This manner of connection of 
the cylindrical rings by interconnections 14 tfus 
constrains shortening or contraction of the stent alcng 
its longitudinal axis during radial expansion abcut 
longitudinal axis A. This configuration also limins 
twisting of the stent upon expsnsion, and enhances mere 
uniform expansion. The in-phase cylindrical ring 
patterns further are believed ;o reduce the likelihcod 
that the stent or any portion of it will recoil, or 
collapse back to its starting d:.ameter after deployment. 
The number and orientation of interconnecting 
members 14 can be varied in order to maximize the desired 
longitudinal flexibility of the stent structure, both in 
the unexpanded and in ths expanded condition. 
Flexibility is advantageous during deployment of trie 
graft and stent because it improves the ease and safezy 
with which the combination ca:^ 

vascular system to the aneurysm ^ of 

the stent to the aortic wall; :l 

rainimi2es alteration of the natural -physic 

aorta due to the implant and he ^ 

of the portions of the vessel 
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discrete rings also have the capacity to rotate slightly 

with respect to each oth«;r without causing any 

significant alteration of the tasic cylindrical structure 

of the stent. Accordingly, :he cylindrical rings and 

connections cumulatively result in a stent that is \ ery 

flexible along its length or lcngitudinal axis, but which 

provides uniform expansion and is vary stable and 

resistant of collapse. The reticulated structure 

supplied by the patterning al lows for the perfusion of 

arterial blood into the region of the aortic wall to 

which the portion cf a stent extending beyond the graft 

is attached to anchor the graft in place . Such perf us ion 

promotes assimilation of the s^mthetic prostheses by -he 

aorta, and more generally, heading of the treated site. 

The more uniform radial expansion of tiis 

design results in a stent 10 i:hac can be expanded to a 

large diameter without substantial out-of -plane twisting, 
because no high stresses are concentrated in any one 
particular region. Rather, the forces are evenly 
distributed among the peaks and valleys, allowing ;he 
cylindrical rings to expand uriformly. Minimizing une 
out-of-plane twisting experierced by the stent during 
delivery and deployment cf the graf t-and- st<:nt 
combination also carries with it the benefit of 
minimizing the risk of thrombus formation. The special 
expansion characteristics of the stent of the invent: on 
also allow any portion of the stent that extends distally 
or proximal ly of the graft to continue to expand even 
when the graft has achieved itss maximum cross- sect ior al 
dimension, so as to more securely affix the graft-ard- 
stent combination to the vessel above and below the 

aneurysm. .-\ -. • :v 

The uniformity in ^ furtler 
reduces the likelihood that fractures in the stent will 
occur due to stresses applied to any particular region or 
cylindrical ring of the stents This feature also 
contributes to the ability of the stent to b* expanded to 
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a greater degree and at a faster rate than was f eas Lble 
previously with other designs . Radial strength is not 
sacrificed upon expansion end the degree to w!iich 
expansion causes longitudinal contraction, and thus a 
shortening of the stent, is minimal. 

In keeping with th<i invention, it shoulc be 
recognized that the attachment elements or anchors 20 can 
be provided in a variety of shapes and configurations 
other than barbs to insure adequate attachment of on?s or 
more stents, and to allow assimilation of the stent :.nto 
the aortic wall of the aorta :hrough endothelial tisisue 
growch while the healing process is taking place. 

Details of the various processes by which the 
stainless steel stent can be manufactured can be found in 
co-pending U.S. Serial Nos. C8/l75,214 and 08/164,5 86. 
Briefly, the stainless steel stent can be formed by a 
chemical etch process out of s. flat sheet or a piece of 
tubing. The areas of stainless steel to remain are 
identified by covering the regions with a material 
resistant to the chemicals used in the etching process, 
such that when the metal is exposed to the chemicals, the 
openings or reticles in the patterned structure are 
created by reaction of the cheiricals with the unprotected 
areas of the steel. The etching process develops smcoth 
openings in the sheeting or tubing devoid of burrs or 
other artifacts that can be characteristic of other 
processes when products of the small sizes contemplated 
here are manufactured . An el* ctropclishing process :uay 
be used after the chemical etching is complete in orier 
to polish the stent surface . The stent surface can be 
polished to an approximately 0.0013 to 0.000254 <5 tc 10 
micro inch) finish- 
There are nuTuerb^ in chemically 
etching a flat sheet of material, such as stainless 
steel, into the stent of the present invention. For 
example , chemical etching is : eccmonu.cai since a large 
number of stents can be . chemic ally : etc hed on the same 
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flat sheet at the same time. The chemical etching 
process creates no burrs and the surface finish of the 
eventual inside diameter of the stent can be improved by 
electro-polishing on one side only. Further, chemical 
etching creates no extra heatlt reating to the parts that 
are being processed. The raw material wall thickness and 
grain structure is more uniform in a flat sheet as 
opposed to chemical etching a stainless steel tuba. 
Further, in a flat sheet, the bevel of the etching can se 
controlled, whereas when tubing is etched, the bevsl 
creates a thicker part on th.j inside diameter and a 
thinner part on the outside diameter. 

An important advantage of chemical etching tie 
stent of the present invention from a flat sheet :>f 
stainless steel material is that, a process known as "st jp 
etching" can be used. For example, by using step etching 
in the areas of the attachment elements or barbs 20 .n 
FTG. 3, it is possible to remove portions of material ;;o 
that the bajrbs will bend outwardly when the stent ..s 
erxpanded. in other words, step etching allows for the 
removal of material in highly selective areas so th,-.t 
upon radial expansion of the stent, areas having lei;s 
material will have a tendency to bend or distort , such i 3 
with the barbs bending outwardLy to engage the aortj c 
wall . 

Photo-lithographic techniques also can 1 e 
employed for the manufacture Df the stents, using a 
computer-controlled laser patterning process to remote 
the chemically resistive coating applied to the mets 1 
sheet or tube. A plurality of stents can be formed frcm 
one length of sheeting or tubinc , by repeating the stert 
pattern 2nd providing small webs .or. tabs. to interconnect 
the stents . After the etching process ; the stents can. be 
separated by severing t be : small : webs of / tabs . 
Subsequently, if the stents were formed on a sheet, the 
individual stents are roiled and the edges welded 
together to provide a cylindrical^ configuration. Vet 
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another method of making the stent of the present 
invention is by the commonly aiovm process of electronic 
discharge machining (EDM) . Using EDM, the stainless 
steel stent can be formed from a flat sheet or from a 
section of tubing. 

In one preferred method of making stent 1), a 
laser is used to cut the stent 10 and anchors 20 ou : of 
a flat sheet or piece of stainless steel tubing. The 
laser settings can vary widely depending on the mater ial, 
the shape of the stent being rut, and the end use. the 
laser cutting method described in U.S. Serial No. 
08/233 , 04 6, entitled "Method and Apparatus For Laser 
Cutting Small Objects," vhich is copending, is 
particularly instructive as to the manufacturing method 
of making stent 10 using a laser. 

When stent 10 of the present invention is n.ade 
from a material that is difficult to detect urder 
fluoroscopy, such as stainless-steel, it is desirable to 
incorporate radiopaque markers to identify the position 
of the graft -and-stent assembly during deployment. The 
stent 10 of the present invention can be coated witb a 
metal fiI ™ that ia radiopaque such as gold, silver, 
platinum, tantalum and the lii<e. One method of coating 
the stent cf the present indention with a radiopaque 
marker is disclosed in copending U.S. Serial so. 
08/233, 046. 

One preferred method of incorporating the st=nt 
of the present invention into a graft delivery system is 
illustrated in FIGS. 8-10. Delivery system 50 is used to 
deploy tubular graft 52 at the site of abdominal aor:ic 
aneurysm 54 via stents 56 and 58. The structure of 
stents 56 and 58 , the materials! from which the stents -are 
made r and the processes ;:;tii^tr.;i^^t\--J^ ; ; ii»eta" ■ to ..form zhe 
stents are set fort h in detail in -connect ion with • :he 
discussion of Figs. 1-7.^; that this . 

use of the stent could be accomplished with a wide 
variety of graft types inc^ 
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and bifurcated grafts. Due principally to the ability of 
the stent of the invention to expand from a very siru.ll 
diameter to a much larger diameter without subetant: al 
shortening, a relatively short length can be used. The 
graft system is sized so that its cross-section 
substantially matches that of the healthy portion of the 
aorta . 

Delivery system 50 includes multilumen catheter 
SO of the type used in other percutaneous procedures for 
deploying stents and other prostheses to repair porticns 
of blocd vessels. The cathster has a first luiren 
extending along its length which is in communication with 
two expandable members or balloons disposed at the distal 
end of the catheter. The balloons are spaced apart f=>r 
a distance that is slightly le£;s than the length of t;ie 
shortest graft intended to be deployed using the system. 
Pressurized fluid or gas can be introduced into tie 
balloon lumen to inflate the balloons, to exert: =n 
outward radial force on anything disposed about t ie 
balloon . 

After stents 5 6 and .S8 have been attached :o 
graft 5 2, the graft -and- stent combination is loaded on ;o 
the distal end of catheter 60. The combination .s 
positioned so that each stent cverlies a balloon 62 a: id 
the graft rests over and is substantially coaxial wii:h 
the portion of the catheter that is between the two 
balloons. In order to insure that the graft and stenl:s 
remain in this position until the deployment function :.s 
accompli she d, the two stents arc compressed or "crimped" 
onto the balloons prior to insertion of delivery system 
SO into the patient. The graft: and stents also can ]>e 
secured by positioning the stents between ridges or 
collars provided on the expandable members, which wij.l 
restrain lateral movement of the combination. 
Alternatively, biodegradable adhesive e might be used i.o 
temporarily affix the stents to the balloons, the 
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adhesives being subject to degradation and absorption by 
the body when it is desired tc deploy the graft. 

Catheter SO further is provided with sheat.'i 64 
that helps to hold the grcift and stents onto the 
catheter^ and which prevents direct contact of the 
elements of the combination wit.h the walls of the vessels 
while the system is being advar ced to the treatment s:te, 
thus protecting the vascular system of the patient Jrom 
any sharp edges on the stents. Rod or wire 66 or other 
suitable mechanical element i;j connected to the sheath 
and extends proximally along the length of the catheter 
so that it can be manipulated by the physician exteiior 
to the patient and retracted (proximally) at the time of 
deployment. Alternatively, a sheath can be provided that 
traverses the entire length of the catheter, and can be 
retracted (proximally) from outside the patient to expose 
the graft -and- stent combination. 

The catheter has a sscond lumen through which 
guidewire 68 passes. The gu:.dewire advantageously is 
advanced through the vasculatuie of a patient beyond :he 
site of aneurysm 54 as a prelrminary step in the grift 
delivery procedure. After the guidewire has bien 
positioned, the catheter carrying the graft and stents is 
advanced over the guidewire. M though a particular form 
of catheter has been describee to route the graft-aid- 
stent combination to the aneurysm, it will be apparent to 
those skilled in the art of treating aneurysms <w& 
similar conditions and of percutaneous catheter design 
that catheters of various configurations or wires and 
rods or the like could be usee, successfully to perform 
the same function. For example, well known fixed w:.re 
and rapid exchange wire systems also can be used in the - 
delivery system described Herein. : 

Attachment elements or barbs 20 are provided 
along the length of stent 5B> which ultimately .. w:.ll 
attach the graft -and- stent combination to regions in the 
intima or aortic wall. The b^ the stents «md ... 
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the graft while the implantation process is on going, and 
before the body has naturally a ssimilated the combination 
through intergrowth of endothelial cells. Stent 56 and 
stent 58 can be affixed to an end of graft 52 by staples. 
Other appropriate means migit be used, such as a 
biocompatible adhesive, for example an epoxy resin, to 
attach stents 56,58 to graft 52. Alternatively, the 
stent might be sewn onto the graft at selected points. 
At least a portion of stents $6,58 extend out of graft 
52, and if the stents and graft are joined by a bjitt 
joint, then substantially all of the stent will extend 
out of the graft . 

In FIG. 8, all of the elements of grift 
delivery system 50 except the ciistal end of guidewire 6 8 
are shown positioned proximally of aneurysm 54, before 
graft 52 and stents 56 and 58 have been deployed. She ith 
64 of catheter 60 covers the :praft and stents disposed 
about balloons 62, and the distal end of the guidew;.re 
has entered the region of the iorta that is affected by 
the aneurysm. In FIG. 9, ;he sheath, is withdrawn 
(proximally) exposing the graft- and- stent combination ;.nd 
the catheter is advanced so :hat the graft- and- st«.nt 
combination spang the aneurysn. The balloons 62 ire 
inflated by the pressuri2ed fluid or gas source exten al 
to the patient, and the racial forces accompanying 
expansion of the balloons are applied to expand both the 
graft and the stents radially outward, pressing be th 
elements against aortic wall 72 proximal to and distal to 
the aneurysm. Barbs 20 provided on the stent 58 beccme 
embedded in the aortic wall 72, to anchor the graft-axd- 
stent combination against downstream arterial pressure 
while the healing process takes place, ' In FIG, 10, the 
delivery apparatus has been withdrawn: and the graft -and- 
stent combination '.. is ; in f irial position across the 
aneurysm and attached to healthy tissue in aortic wall 
~72. It should be understood that when tubular graft 52 
is expanded it is not stretch:lng : or deforming but is . 



22 



(35) 



«»W8- 3 3 2 2 2 9 



simply opening from a closed diameter to an open and 
expanded diameter. The grc.ft material generally is 
inelastic and can be made from any number of materials 
compatible with the body such as polyester fiber nade 
from polyethylene terephthalate, sold under the trade nark 
"DACRON" by the E.I. duPont deNemours :o. ; 
polytetrafluoroethylene sold under the trademark " TEF jOW " 
by E.I. duPont deNemours; and other suitable polym iric 
materials . 

Another preferred method of incorporating a 
stent according to the present invention into a g:*aft 
delivery system is illustrated in FIGS, ll and 12. "his 
embodiment differs from that shown in FIGS . 8-10 in that 
a single stent is used to anchor the graft in FIGS. 11- 
12, while two stents were used in FIGS. 8-10. A sii.gle 
stent is appropriate in the aorta where blood pressures 
can exceed 100 ram/Hg, which isi enough force to hold the 
proximal end of the graft in place without the need for 
an anchoring stent on the proximal end of the graft. 

Delivery system 80 (FIGS. 11-12) is shown in 
the abdominal aorta, just prcximal to aneurysm 54. A 
single stent 82 is attached by its proximal end to the 
distal end of graft 52 by staples , adhesive, or by seeing 
or other appropriate means as previously described. The 
graft -and- stent combination is mounted on catheter 6 0 and 
the stent is crimped or compressed onto balloon 62. 
Retractable sheath 54 covers and protects both the graft- 
and-stent combination during delivery through the 
vascular system until sheath 64 is withdrawn proximally 
to allow deployment of the combination . Barbs 20 extsnd 
from the most distal cylindrical element 12 to attach ~he 
graft and stent to aortic wall 72 . AS can be underst sod 
with reference to FIGS. 11 and 12, the stent is affixed 
to the distal end of the graft so that it substantially 
extends out of the graft , with the result being triat ' \ 
radial expansion forces can be applied to the stent by ^ 
inflating balloon 62 of catheter 60 and simultaneously . . 
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applying expansion force to graft 52. The stent is 
expanded simultaneously with the graft to drive barbs 20 
into aortic wall 72 in healthy tissue distal to aneui ysm 
54, to anchor the combination to the vessel. 

Another embodiment using the stent of the 
present invention in a graft delivery system is 
illustrated in FIGS. 13 and 14. Delivery system 90 
includes stent 92 which is coaxial with and which extends 
the length of and beyond graft 52, such that first 
portion 94 of stent 92 extends proximally of graft 52 and 
second portion 96 extends distally of the graft. The 
cylindrical elements 12 of the first portion 94 and :he 
second portion 96 of the stent 92 are equipped with barbs 
i 20, as is shown more clearly and in greater detail in 

i Fig. 1, which will be relied upon at the time of 

deployment to anchor the graft -and^stent combination to 
healthy aortic tissue while the prosthesis is accepted by 
the body of the patient . 

Balloon 98 necessarily must have a much grea :er 
length when measured along a longitudinal axis of st int 
92 than the balloons of previously described embodimen :s , 
because the stent of this embodiment is at least dou3>le 
the length of either of the two stents used in i:he 
preferred method of delivering zhe graft and of the stont 
used in the embodiments of FIGf : . 8-12. 

As can be seen with reference to FIG. 14, sttint 
92 and graft 52 which overlies it are positioned so that 
the graft spans the length of aneurysm 54. Balloon 98 
then is inflated with pressurized fluid or gas to exp«.nd 
both the graft and the stent simultaneously and to force 
barbs 20 into engagement with aortic wall 72 distally of 
the aneurysm. The expandable member then is deflated siid 
the delivery-system withdrawn, leaving : the .gr 'a ft -arid- stent 
combination in place in the blood vessel . 

With reference to - Pig; .15; an " alternative 
embodiment of the intravascular mail tip le- anchor stent is 
illustrated, the plurality^ "be^/^iiMrieal--; rings ., 3 12 / 
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forming the stent 110 ar= connected together by 
connecting members 114, and peaks 116 of at least one 
cylindrical ring at an end 117 of the stent to be secured 
within the graft 122 have barbs 120 that are pointed 
toward the longitudinal middle of the stent, away from 
the end 117 of the stent. Barbs 120 at the opposing end 
124 of the stent zo be secured to the vasculature are 
pointed toward the longitudinal middle of the sten: in 
the opposing direction, away from end 124 , so that the 
stent will simultaneously grip the vasculature and the 
graft to hold the graft and s :ent in place, relative to 
the vasculature. 

Referring now to Pijj. 16, another alternative 
embodiment of a intravascular multiple -anchor stent is 
illustrated. In this enlarged view, the surface of s1:ent 
13 0 can be covered with barbs 14 0 that can be formed in 
the surface of the cylindrical elements 132, including 
the surface of the peaks 13 <: and valleys 13E of the 
cylindrical rings 13 2 , and the connecting members 134 to 
provide a sandpaper effect of raised, pointed, 
directional bumps of the surface of the stent. As is 
shown in Fig. 17, multiple barbs 142 also can be formed 
on the outer edges of the peaks and valleys of the 
cylindrical rings so that th.; barbs will be directed 
outwardly when the stent is expanded, to allow the stent: 
to better grip whatever portion of the vasculature ccmes 
in contact with the stent. 

While the invention has been illustrated and 
described herein in terms of its use as an endoprosthesis 
for implanting a graft to treat an aneurysm, it will be 
apparent to those skilled in the art that the stent can 
be used in other instances ih 
Because the stent ai the present invent i^ 
features of attachment elements and the capacity to 
expand quickly from relatively smal 1 diameters to 
relatively large diameters, ^'•::tjiiv''•'fit^tot'.••;ia•■. particularly 
well suited for implantation in ^ almost, any veissel. whare 



(38) mm 3-332229 

such devices can be used. This feature, coupled with the 
fact that the stent does not contract or recoil to any 
great degree after it is radially expanded, provides a 
highly desirable support member for other types 
endoprosthesis . 

In the foregoing description, statements 
concerning specific dimensions are given by way :>f 
example, and it should be apparent to one of ordinary 
skill in the art that other sinilar dimensions may also 
be suitable according to the principles of the invention. 
It will therefore be apparent from the foregoing that 
while particular forms a£ tie invention have be in 
illustrated and described, various modifications can oe 
made without departing from th€ spirit and scope of tie 
invention. Accordingly, it 13 not intended that tie 
invention be limited, except as by the appended claims. 
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4. Brief Description of Drawings 

Fig. 1 is a plan view of a multiple -an< hor 
stent prior to rolling into a cylindrical conf iguxat i on ; 

Fig. 2 is a perspective view of a portion of 
the stent of Pig. 1 roMed into a cylindrical 
configuration; 

Fig. 3 is an enlarged partial plan view of the 
stent of Fig. 1/ 

Fig. 4 is a plan view of a portion of the st=nt 
of Fig. 1 in an unexpanded cenf iguration ; 

Fig. 5 is an elevational view o* the portion of 
the stent taken along line of Fig. 4; 

Fig. 6 is a plan vie* of a portion of the st ;nt 
of Fig. l in an expanded configuration; 

Fig, 7 is an elevational view of the portion Of 
the stent taken along line 7-7 of Fig. 6; 

Fig. 8 is an elevazional view, partially in 
section, of a pair of multi-£mchor stents incorporated 
into a graft and a delivery system to deliver and deoi.oy 
the stents and graft; 

Fig. 9 is an elevational view, partially in 
section, of the multiple -anchor stent, graft and delivery 
system of Fig. 8 after the graf t-and-stent combination 
has been advanced and deployed in the region of an 
aneurysm and the stents have been. Vdeployed; •-•'•\ \ ; v • 

Fig . 1 0 . is an e le vat i onal view , partially , in 

section , of t:he gr^f t-arid^ 8 

a f ter the combination has'/b^ the cathet er 
withdrawn; 
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Pig. 11 is an elevaiional view, partially in 
section, of another means by which a stent according to 
the invention can be incorporated into a graft delivery 
system, depicting the system prior to advancement of tr.3 
graft -and* stent combination Lnto the region of an 
aneurysm ; 

Fig. 12 is an elevat ional view, partially in 
section of the delivery system of Fig. 11 after th* 
graft -and- stent combination Has been advanced an i 
partially deployed in the regie n of an aneurysm; 

Fig. 13 is an elevational view, partially ii 
section, of an alternate means ;iy which a stent according 
to the invention can be inc orporated into a graf ; 
delivery system, depicting prior to deployment of th ; 
graft -and- stent combination; 

Fig. 14 is an elevational view, partially is, 
section of the delivery system Df Fig. 13, depicting thii 
system curing deployment cf the graft -and- stem: 
combination ; 

Fig. 15 is a perspective view of a portion cf 
an alternative embodiment of e stent according to the 
invention having barbs at one er.d facing in one direction 

and barbs at the opposing end facing in the opposing 
direction; 

Fig. 15 is an enlarge I partial plan view of &i. 
alternative embodiment of a stent according to the. 
invention having si plurality of barbs on the surface oj 
the peaks and valleys of the cylindrical elements of the 
stent; and 

Fig 17 is an enlarged partial plan vie* 
similar to that of Fig. 16 illustrating another 
alternative embodiment of a stent according to the 
invention providing a plurality of barbs on the outer 
edges of the peaks and valleys of the cylindrical 
elements of the stent. 
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FIG. 1 2 
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1. Abstract 

The intravascular n.ulti -anchor stent inc Ludes 
a plurality of cylindrical elements that are 
independently expandable in the radial direction and that 
are interconnected so as to be generally aligned on a 
common longitudinal axis, and a plurality of barbs along 
the entire circumference of tte stent that face outwardly 
when the stent is in an expanded condition. A plurality 
of connecting elements are provided for interconnecting 
only the cylindrical elements that are adjacent to each 
other so that the stent, whsn expanded in the radial 
direction, retains its overall length without appreciable 
shortening . 



Representat ive 
Fig. 1 



Drawing 



¥8 -332229 



[annual *i»n*2K» 

C«tTH3 W15^6^1O0 (2003. 6. 10) 

[fiWH] Wf8 - 3 3 2 2 2 9 

¥Jflt8*£l 2£l 7H ( 1 99 6. 1 2. 1 7) 
[*FflHH&] 8 -3 3 2 3 

[UlliHS#3 «K¥8 - 1 0 0 6 2 2 
[BRfWVlF^MlRTJK] 

AG1M 29/00 
CF I ] 

A61M 29/00 

[ffiHIS] Wtl 5*£2£ 1 9 0 (2 0 0 3. 2. 1 

9) 

[*.«BiiE 1 3 

tt» 1 ©n«JKB*». 2oCDU0gH^O(acc 

*ff*f"l«c jWWfc g S&cKigpl6B^-*f©»2 ©RS 
JBJHRftfl*, BuiE»©» 2 (DR«^9*(0 9 1 

inew»s«cc»s $tir^^ wen* 1 owmmm 

fyl5*DSil 2 ©RWJBBaROIHCCttS *tir*0 , 
S5I2^ 1 <0R1BJKK**5 J; 0^12*2 (DR1H?B»5R©a 

HIEff 1 <DRlW^K*©W»ap»^«faB»2 ©RSSfJfcg .'. 

8W2» 2 (DR«^B*(D*t© 0 % <Dm 2 <D ©(D 2 
WJB«»tBW2»] ORlBJBBJRfloujBSBj^KfflSJCil . 

[19*9.2 3 ifrie^ 1 (DFH3KS*Wl?«B*2 © 

-* 1- 



ft £ (b £ ic , Bab 5 & 65 £ f CjglB* rZCtteU iCfy I EX 
^>h<D£fi£Jt}#*a<fc5K:, itraa»l©RW?f33BR 

UCi%»»i«, «3jOS 2 i 23£©M®I*3^ 7 > ij 

[ti^ffl 5 3 men 1 corbjbj i*fcj:y f »ie»2 <o 

RWJBB3RCDS 1 mflBB 1 ORffiBHRfeJroW 
121$ 2 OR180gH3R©at««M>r -?&®&<05 *>©:4> 
tfe»o^cB2BStiytffl»<5»iJ«rWT-5Ci«:«F 

air*. wm\fctm<ommw&Tyt>-x?is 

K 

tfursaKss j&jrk: ft a <l t k , in mimimzn *> & 
3 stria* h3&«wiaKaBB»«:**'i 

fc*. fuiaffr 1 ©Rl(BB«*toJ: WF»E»2 ©RgJ^JS 

<oltBa*9»» »sa* > b cog 3 : 7 r^j<D — kscd & c 5 r 
» 1 o*rajtc«i^6n. iftiasif 1 oRisjggausj^iiir 

i2»2ORfS^S3R<DS}iBf0«, tui2^f*> hOSS* 

[Mmm 9 3 twain 1 <DFmmm& * cmiais 2 <d 



«fBB-P8-3 3 2 2 2 9 

[ nmm io] s?iex f* > h m mBmrnmic $>zt 

he 



2- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
□'black borders 

□ image cut off at top, bottom or sides 
□"faded text or drawing 

□ blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

opines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



